A selection and line x environment interaction study with grade Afrikaner cattle was established in 1956 at Matopos Research Station, Zimbabwe. Two selection lines of 100 cows each were reared in different management environments. The non-supplemented (NS) line relied on the range throughout the year and was mated to calve with the onset of the rains (December to February). The supplemented (S) line was offered protein-rich supplements during the dry season and mated to calve prior to the onset of the rains (October to December). In 1976 lines were sub-divided into four lines with 75 cows each, where one sub-line remained within each environment as a control; the remaining sub-lines were interchanged between environments. Bulls were selected on weaning weight within control lines, while replacement heifers were selected on weight at mating within sub-line. Data collected over a 40-year period (1958 to 1997) were analyzed. There were no line differences, however, productivity in the S environment was superior compared with the NS environment. While there were no environment differences in birth weight, calves born early in the S environment were estimated to be 90 kg (33%) heavier at 18 months than calves born late in the NS environment. The performance of calf growth from birth to 18 months in this study has emphasized the importance of matching animal physiological status with seasonal changes in the sub-tropics. The effect of previous lactation status (PLS) increased from 1.2 ± 0.13 kg at birth to 7 ± 0.6 kg at 205 days of age, a difference that persisted to 18 months (5 ± 0.9 kg). Given the significant and consistent detrimental effects of PLS on calf growth, it is recommended that this effect be considered in routine evaluations.
Introduction
Until the mid 1970's the Afrikaner was the dominant breed in southern Africa and was used in the formation of composite breeds (Oliver, 1983) . The introduction of the Brahman into Zimbabwe in the mid 1950's led to the marginalization of the Afrikaner and currently there are no Afrikaner stud breeders. The Afrikaner remains an important breed in South Africa, being promoted as a dam line for crossbreeding purposes. Recent DNA studies showed that southern African Sanga breeds of cattle are largely Bos taurus, now classified as Bos taurus africanus (Mostert et al., 1998) . The influence of non-genetic factors on the growth of range beef calves has been very well documented for Bos taurus and B. indicus cattle in temperate and tropical environments, however, there is little information for Sanga cattle in the sub-tropics (Moyo, 1990 ; Van der Westhuizen, 1997) .
Mixed model methodologies (Henderson, 1984) , incorporating the numerator relationship matrix (NRM), facilitate the use of genetic linkages across contemporary groups yielding more accurate measures of both non-genetic factors as well as improved genetic parameter estimates. The inclusion of the NRM also allows for the accounting of genetic trends (Blair & Pollak, 1984) . However, these complex mathematical models are at best a crude attempt to model complicated biological events that are subject to numerous nonsystematic interacting factors.
In addition to the standard factors typically influencing calf growth (such as herd-year-season, age of dam, sex and age of calf), the long calving season in this trial poses additional modelling challenges. In contrast to reports in the temperate regions, reports in the sub-tropics and tropics have noted the significant influence of the previous lactation of the cow on calf growth (Hetzel et al., 1989; Moyo, 1990) . The
Materials and Methods
Matopos Research Station, southwest Zimbabwe, is characterised by wide fluctuations in the quantity and distribution of rainfall within and across season (Ward et al., 1979) . Rainfall normally occurs between November and March and is followed by a long dry season. For the 40-year period of the study (1957 to 1997) the mean annual rainfall was 566 mm. The vegetation on the predominantly red soils is dominated by Acacia species and the dominant grass species are Heteropogon contortus, Themeda triandra and Cymbopogon plurinodes (Rattray, 1957) .
From a common gene pool, two lines of 100 grade Afrikaner cows each were established and subjected to different nutritional and management regimes, hereafter termed environments. The supplemented (S) line cows were offered supplements during the dry season (9 kg maize silage and 1 kg cottonseed meal/head/day) and were mated to calve early (October to December) relative to the expected onset of the rains. The non-supplemented (NS) line cows were mated to calve two months later than those in the supplemented line. While supplementation afforded a relatively 'early' mating and calving season, the effects of supplementation and calving season are totally confounded. As a result, routine practices such as castration, weaning, dosing and vaccinations were performed at fixed times in the year where calf age differed by approximately two months.
For the first eight years (1957 to 1964) six foundation sires were rotated among the lines, thereafter the lines have been closed. However, the rotation was not uniform: three bulls were used for three to six years in the S environment, and for only one year each in the NS environment; similarly two bulls were used for three to four years in the NS environment but only one year each in the S environment. Only one bull was used for more than one year in both environments. A fixed mating season of 90 days and four single-sired herds of 25 cows each were used within each line. Three bulls were replaced each year and one was retained as a repeat sire. Selection for weight within line to establish lines adapted to their respective environments was based on weight at weaning for bulls and weight prior to mating (three years) for replacement heifers.
From 1976 to 1978 the number of breeding females in each line was increased to 150 and two equal sub-lines were created. One sub-line remained within each environment as a control; the remaining sub-lines were interchanged between environments. Significantly, the supplementation regime in the supplemented environment was changed so that animals were offered 0.5 kg of protein-rich concentrates/head/day during the dry season. Bulls were selected within the control sub-lines and were used within lines across environments. Cows were mated in five single-sire herds of 15 cows each. Four bulls were replaced each year and one was retained as a repeat sire.
Bull selection took place two weeks before weaning and in the post-crossover phase, six animals were selected with a proviso that not more than two animals would be selected from a particular cowherd. Candidates had to have reasonably well developed testes and sound animals were selected on weight linearly adjusted for age. From 1988, selection criteria was based on weight adjusted for other known environmental factors, derived from a fixed effects model, which were line, environment, year of birth and age and previous lactation status of the dam (heifer, suckling or not suckling). Replacement heifers were generated within sublines and entered their respective mating groups at 27 months of age. Replacement rates were kept constant across sub-lines and were dictated by the sub-line with the least number of suitable (>265 kg) replacement heifers. Thus selection and culling intensities differed for the sub-lines. Cows were culled for poor production (infertility and low calf weaning weight). In the post crossover phase cows in excess of 12 years of age were generally not retained for breeding purposes. The allocation of sires and heifers to the mating herds was based on minimizing relationships as far as possible. It is important to note that after the crossover was implemented, only half the genetic material, i.e. sires, continued to be crossed over environments, while selection of heifer replacements catered for any within sub-line adaptation.
The experimental site was subdivided into 35 paddocks and as far as possible lines were offered similar grazing. As cows displayed signs of approaching parturition they were moved to a 'calving' paddock close to the homestead, which was checked daily and cow-calf pairs were rounded-up and taken to the handling facilities within 24 h of birth. Calves were identified by means of ear notching and weights were recorded. All cattle were dipped in an acaricide plunge-dip once a week in the wet season and once every fortnight at the height of the dry-season, June through to August. All animals were annually vaccinated (2) © South African Society for Animal Science 91 against rabies, anthrax, botulism and young animals were vaccinated against quarter-evil and contagious abortion (heifers). It was also recommended that young animals be treated for round worms and fluke at the beginning and end of the wet season (in October and in May). As a standard procedure cattle were individually weighed on a monthly basis. All male calves not retained for breeding purposes were castrated approximately two weeks before physical weaning in mid-August where calf ages ranged from four to seven months for the NS environment and from seven to 10 months for the S environment. Birth days (BD) were transformed to a standard calving date within year relative to a base date of 1 st September. As complete sets of dates for the bulling period in the pre-crossover phase were not available, the calving distributions within environments were scrutinized for obvious 'out of season' calves. This was based on the assumption that the bulling seasons were approximately 90 days and ranged from midDecember to mid-March and mid-February to mid-May for the S and NS environments respectively, together with a gestation interval ranging from 280 to 300 days. The calving pattern in the S environment indicated that the mating season extended beyond mid-March; there were, however, no obvious breaks in the distribution to assist in distinguishing 'out of season' calvings. Fourteen out of a total of 3775 calvings were deemed out of season and discarded. Complete records detailing the start and end of the mating seasons were available for the post-crossover phase, and assuming a gestation interval of 280 to 300 days, 53 records out of a total of 4552 were deemed out of season and discarded. In all instances, a cow was credited with calving in the season in question for early calves and was credited for calving in the next season for late born calves. Weights at birth (BW), weaning (WW, recorded in July), yearling (W12, recorded in October) and 18 months (W18, recorded in May) were analyzed. In addition, calf weight at 205 days of age (W205), derived from monthly weighings, was analyzed, bearing in mind that calves in the S and NS environments would obtain these ages at very different stages of the grazing season. Post-weaning, the weights in October and in May were extracted to define the start and end of the second grazing season. These weights approximated yearling and 18 month weights. Pre-weaning gain (ADG) was measured between birth and 205 days of age, while post-weaning gain (PWG) taken as the gain between YW and W18. Growth traits were also scrutinized within year and mating season for obvious outliers. Pre-weaning weights and weight gains for five calves in the late-mated group were discarded where gains were less than 3 kg/month and in most instances the calf died before weaning. The post-weaning growth patterns of six calves in the post-crossover phase were exceptionally poor resulting in the discarding of three yearling and three 18-month weights.
In preliminary analyses, year of birth was the most important factor accounting for the greatest proportion of total variation in the growth traits. However, significant two-and three-way interactions were expressed with most other fixed effects considered. Furthermore, in terms of the accounting for variation in the observed values, the interaction between environment and year of birth was the most important. As it was neither practical nor feasible to account for all interactions with year of birth, a concatenation of line-yearenvironment (LYE) classification was employed. For all the traits, only two classes of sex were considered. Pre-weaning, these were intact male versus female and post-weaning, these were steer versus heifer. Data of bull calves post-weaning were excluded from analyses.
In the pre-crossover phase, age of dam ranged from four to 17 years, apart for 1975 and 1976 matings in the S line where heifers were mated to calve as three-year-olds. However, the number of observations for cows older than 12 years was less than 4% for number of births. In the post-crossover phase, age of dam ranged from three to 14 years and less than 2% of the observations were of cows older than 12 years of age. While preliminary analyses revealed that age of dam (in years) included both as linear and quadratic covariates or as a class model accounted for a similar proportion of the total variance in the observed values, the covariate did not account for the confounding with cow lactation status of heifers in the previous season. Furthermore, previous lactation status (PLS) tended to interact with age of dam, the effect of PLS being greatest for young (<5 years) and old (>10 years) cows. In order to account for the interaction as well as confounding of heifer with PLS status, a class model concatenating three classes for PLS (0 for three year old heifers; 1 for cows not suckling in the previous season; and 2 for cows that had suckled a calf at least up to and until the calf had attained 90 days of age) with five age of dam classes (3, 4, 5 to 7, 8 to 10 and >10 years of age) was employed. Age of dam classes were derived after perusal of the least squares means for the various traits, where it was found that the performance of cows between five and seven and between eight and 10 years of age were similar.
With a long calving season extending 150 days across the two environments (October to February), it was not surprising to find important effects due to BD in preliminary analyses. Given the vagaries of the 
rainfall season and therefore grazing it was deemed inappropriate to account for month of birth as a crossclassified effect. A model where month of birth was nested within year would be partially confounded with environment. It was also not possible to treat BD as a simple covariate due to the partial confounding with the environment as well as significant interactions with year of birth. Within year and environment, the covariate of BD ranged over 100 days. The inclusion of BD as a covariate within environment and a split in calving season (early versus late), in attempt to avoid influence of outliers, did not indicate an improved model fit and notably complicated the estimation of environment effects. As the environment effect was accounted for by fitting a line-year of birth-environment (LYE) class model, the effects of BD were accounted for by its inclusion as a cross-classified covariate regressed from the year-environment subclass means, where it was assumed that BD did not interact with other fixed effects, in particular with year and environment. Calf age for weights taken at a fixed time in the year (WW, W12 and W18) and birth day was totally confounded. However, for W205, age deviated from the target date, was included in the analyses.
The following fixed effects model was employed for the analyses of fixed effects of growth traits:
where Y ijkl is the vector of observations; µ is the overall mean; LYE i is the effect of i th line-yearenvironment class (i = 1 to 122) for all traits except W18 and PWG (i = 1 to 116); S j is the effect of j th sex class (j = 1 to 2); A k is the effect of k th age-of-dam -previous lactation status class (k = 1 to 9); β 1 , β 2 and β 3 are the regression coefficients of the covariable on the observation; (BD ijkl -X YE ) and (BD ijkl -X YE )
2 are the linear and quadratic effect of the birth day deviated from the year-environment subclass mean; (Age ijkl -X t ) is the linear effect of calf age deviated from target date for W205 only and ε ijkl is the error term. Mixed model procedures (MTDFREML; Boldman et al., 1995) , allowing for the inclusion of direct and maternal genetic random effects, as well as their correlation, and permanent environmental random effects due to repeated measures on the dam, were used to derive best linear unbiased estimates of fixed effects, regression coefficients and specific contrasts.
Results and Discussion
The number of observations, means, standard deviations and coefficients of variation (CV) of the weights and weight gains after editing are presented in Table 1 . The CV for BW and W205 were between 15 and 17%, but increased to 20% for WW and W12, presumably reflecting the age differences between environments. Despite these differences, the CV for W18 had reverted back to 15%. The similarity in production performance of the Afrikaner in this experiment and across a wide range of environments is remarkable (Botswana: Trial et al., 1977; Zimbabwe: Moyo, 1990; South Africa: Mostert et al., 1998) , suggesting that the Afrikaner could be referred to as a stable genotype, as oppossed to a plastic genotype where the degree of phenotypic expression varies under different environmental conditions (Bryant et al., 2005) .
The total variation in the observed values accounted for by the fixed effect models for the growth traits (Table 2 ) tended to increase with age and varied from 30 to 64%. The effect of LYE was the most important effect accounting for 14 to 44% of the total variation and between 38 and 86% of variation accounted for by the models. The effect is illustrated in the yearly trends for WW (Fig. 1) showing the tremendous year-toyear variations as well as the large environmental effect. The large year-to-year variations are consistent with findings from other studies in the region (Rege & Moyo, 1993; Van der Westhuizen, 1997) . Calves from the S line had small and consistently greater (P >0.05) weights and weight gains than their NS counterparts. DF -degrees *** P <0.001; † P <0.10; ns -non significant; nf -not fitted. 1 Weights at birth (BW), 205 days (W205), weaning (WW), 12 (W12) and 18 (W18) months; post-weaning gain (PWG). 2 LYE -Line-Year-Environment; Dage-PLS -dam age and previous lactation status; BD (L/Q) -birth day (Linear/Quadratic).
There was no apparent environmental effect for BW; however, calves born in the S environment had a distinct growth advantage to calves born in the NS environment that increased with age. The effect was marked for weight gains between 150 and 205 days where weight gains of calves in the S environment were 212 g/day greater (P <0.05) than those of their NS contemporaries (data not shown). On average, calves in the NS environment would attain 150 days of age in June, which is well into the dry season. At this time, grazing quality and quantity would be limiting and would presumably have a marked impact on the dam's ability to nurse its young calf. Perusal of the line means reveal markedly different response of calves to environment and is illustrated for WW in Figure 1 . At weaning, calves from the S environment were 34 kg heavier (Figure 1) , a difference that persisted to 18 months. Part of this difference is also due to the difference in age between environments of 53 days.
With a calving season extending over 100 days within environment it was not surprising to note the dramatic influence of birth day on growth traits. The effects of BD (linear for all traits and quadratic covariates for W205 and ADG only) accounted for 5% of the total variation for BW, which increased to 10% for WW and persisted to 18 months accounting for 7% of the total variation for W18. accounted for 7% for ADG, before declining to 1% for PWG. Late born calves were on average 4 kg heavier at birth than early born calves (Fig. 2) . The increase in birth weight as the season progresses has been attributed to the improved grazing conditions with the onset of the rains (Carvalheira et al., 1995) . The effect of birth day on weaning weight was dramatic with early born calves being up to 90 kg heavier than their late born contemporaries. In a study of Mashona cattle, Buvanendran (1990) also found that later born calves were significantly lighter (1 to 9%) than early born calves. Similarly, Niemann & Heydenrych (1965) found that weight at weaning decreased by 2.86 kg/week for calves born after 1st October. Birth day did not appear to influence PWG, but the effect of BD persisted up to 18 months and was of the order of 56 kg (Figure 2 ). Rege & Moyo (1993) noted that the effect of delayed BD of calf was more apparent at older ages and was attributed to a declining maternal influence. The analysis within line indicated that the covariate of BD interacted with environment for BW and PWG, but the effect of the covariate was remarkably constant across environment for all the other growth traits. The combined effects of environment and BD imply that performance of calves born late in the NS environment are at a great disadvantage compared with calves born early in the S environment; a disadvantage that persists at least until the end of the second grazing season and is estimated to be in the order of 90 kg for W18. The persistent effect of late calving on growth post-weaning has been found in numerous other studies (Buvanendran, 1990) . However, among Nguni calves in the lowveld, Tawonezvi et al. (1986) reported that late born calves grew faster and maintained that advantage to 18 months of age. This differential response was ascribed to the different production environments.
The effect of sex was fairly consistent and accounted for 3 to 6% of the total variation. Males (intact pre-weaning and steers post-weaning) were consistently 7% heavier (P <0.01) from birth through to 18 months. Similar effects due to sex of calf have been reported with Sanga cattle (Tawonezvi, 1989; Buvanendren, 1990; Carvalheira et al., 1995; Van der Westhuizen, 1997) , in contrast to larger effects (10 to 13%) shown for Bos taurus cattle breeds in temperate regions (Nelsen & Kress, 1981) .
The effect of age of dam and previous lactation status tended to decrease as calves grew older and accounted for 5% of total variation in pre-weaning traits, but only 0.2% for PWG. The effect of PLS increased from 1.2 ± 0.13 kg at birth to 7 ± 0.6 kg at 205 days of age, a difference that persisted to 18 months (5 ± 0.9 kg). The effect of PLS was important for ADG, but was small and reversed for PWG. The consistent effect of age of dam and previous lactation status on weights from birth to 18 months is well illustrated in Figure 3a . Weights increased with age of dam and peaked for 8 to 10 year-old dams before decreasing for older dams, while the effect of PLS tended to be least for calves from 5 to 7 year-old dams. However, b). compensatory gains were indicated for PWG (Figure 3 b) PWG nalysis within environment did not reveal evidence to support the assumption that cows in the NS enviro
Conclusions
The average reproduction and growth performance of the Afrikaner across a wide range of production environments show remarkable similarities which is probably related to many generations of selection under A nment were under greater stress to provide milk for their calves (data not shown). Similar effects due to previous lactation have been reported where the larger effect found in young cows was attributed to the extra nutrient requirements for growth (Thorpe et al., 1980; Tawonezvi et al., 1986; Hetzel et al., 1989; Tawonezvi, 1989) . Hetzel et al. (1990) found that the effects of PLS were highest in Hereford-Shorthorn, intermediate in Afrikaner cross and lowest in Brahman cross, with the authors concluding that the magnitude of maternal dam age and PLS effects were inversely proportional to the level of tropical adaptation of the genotypes. The persistent effects of both age and previous lactation status of dam post-weaning concurs with some studies (Tawonezvi et al., 1986; MacKinnon et al., 1990; Moyo, 1990; Rege & Moyo, 1993) , others show compensatory gains (Tawonezvi, 1989) and Hetzel et al. (1990) found no carry-over effects. In contrast, in an experiment with Afrikaner calves in Mozambique, Carvalheira et al. (1995) only found an effect of PLS at birth.
